Introduction
The application of thermodynamics to the transition between the super conducting and normal states in the presence of a magnetic field yields formulae by which the entropy difference and specific heat difference of the two states may be determined from measurements of the threshold magnetic field (Gorter and Casimir 1934) . These determinations involve the deduction of the first and second derivatives of the threshold field curve. They have been made for a number of superconductors (Daunt and Mendelssohn 1937; Daunt, Horseman and Mendelssohn 1939) and in the case of tin the agree ment with direct specific heat measurements is good (Keesom and van Leer 1938) . The usual process of differentiating twice by visually determining the tangents to the curves, however, introduces a considerable experimental error.
The work described in this paper was undertaken to determine the differ ence in specific heats more accurately and to investigate the variation of specific heat with temperature of superconducting mercury, indium and thallium. The threshold field curves were accurately determined. By the method of least squares, polynomials were obtained which fitted these curves within the experimental uncertainty. The derivatives were then calculated mathematically from these polynomials and the desired values computed. The results, therefore, have the accuracy of the directly measured values. The validity of the results depends upon the accuracy with which the chosen formula represents the form of the threshold field curve. This curve has no simple form. A least square polynomial taken to sufficiently many terms may lay claim to being the best representation and therefore to justify the considerable labour involved in its determination. The number of terms to be included in the polynomial is determined by the necessity of fitting the experimental data over the complete temperature range.
The formula derived for the threshold-field curves are useful also in de termining the threshold values near the transition temperature of the metal where direct determinations are difficult. These values are im portant for calculations of the depth of field penetration in superconductors (Appleyard, Bristow, London and Misener 1939) .
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The experimental arrangement is illustrated in figure 1 . The specimen (S) was in the form of a long cylinder (diam./length 1/50). To prevent oxidation it was cast in a thin walled glass capillary. On this capillary was wound a double layer search coil ( C) consisting of 2000-3000 turns of 50 gaug wire. This was connected to a ballistic galvanometer. The sensitivity was such that with the coil a t liquid helium temperatures a change in field of 0*2 G produced a millimeter deflexion. The specimen was held vertical in a narrow Dewar vessel ( D ) filled with liquid helium. On the surface Dewar vessel was wound a uniform single layer solenoid ( ) twice the length of the specimen. This was surrounded by the liquid nitrogen jacket (N ) which fitted inside the large solenoid ( G) used to provide the extern magnetic field.
To determine the threshold field, the temperature was kept constant by controlling the vapour pressure over the liquid helium in D. A small current was passed through solenoid F, sufficient to produce a fiel current was reversed. When the specimen was superconducting no flux through the search coil C was observed. A larger magnetic field was then applied by passing a suitable current through G. This was gradually in creased, the current in F being periodically reversed. When the sum of the two fields exceeded the threshold field large deflexions were produced by the reversal of the small field F. This arises from the fact th at whe value is passed the flux due to fields of both and F enter the specimen. Large deflexions were observed until the difference of the fields exceeded the threshold field. Then the specimen was always in the normal state and the change of flux produced by reversal of the current in F was solely th at pro duced by F itself.
F igure 1 Figure 2 shows a typical set of readings taken near the transition point of the metal. The field which first penetrates the specimen is taken as the threshold field and is very accurately determined. Its value is obviously the field of G which first produces observable deflexions plus the field due to F. Correction was made for the earth's field and the small demagnetizing factor of the specimen when these were of the order of 0-1 % of the threshold field. The transition is seen to be accurately reversible. This proves the purity of Specific heat of m e r c u r y , indium and thallium 265 the materials and is a necessary condition for the application of the thermo dynamic treatment to the transition. It was tested in every case. The transi tion is abrupt but occupies a finite field interval. When corrected for the amplitude of the field of F this interval was never more than a few per cent of the threshold field. The metals were supplied by Hilger and Co. and were the purest obtain able from them. The purity as given by the manufacturer was mercury 99*999%, thallium 99*995%, indium 99*985%. The fields produced by were measured with a calibrated fluxmeter using search coils which had been compared with a standard mutual inductance. Temperatures were deter mined from the vapour pressures of the helium bath using the 1937 Leiden values. Vapour pressures below 4 cm. of mercury were read on a Macleod gauge.
Results
Between 75 and 100 determinations of the threshold field of each metal were made at a variety of temperatures between the transition point and 1* 1° K. Assuming a polynomial of the type Hc = A + C T2 + D T 3 + ET* +...
to fit these results, normal equations were computed from these determina tions and the values of the coefficients evaluated. I t was found th at for mercury and thallium the terms beyond T4 , could be neglected; for indium the term in T h had to be included before the formula would fit all the experi mental results within 0*3 G, the estimated experimental error. The formulae obtained were
Mercury: Hc = 412-58-19-50T2-2 -1 3 3 T 3 +0-266T4. Transition point = 4-167° K.
Thallium:
Hc = 170-67-30-93T2-0 -I9 3 T 3 + 0-219T4. Transition point = 2-392° K.
Indium :
Hc = 269-18-14-86T2-6-840T3+ 1-299T4-0 -0 I5 T 5. Transition point = 3-368° K.
Values of the critical field together with the difference in specific heat between the superconducting and the normal state calculated from these formulae are given in Mendelssohn (1937, 1939 )-Indium shows appreciably lower values. However, these agree with the values determined by resistance measurements made by the author on the same material (Misener 1938). The specific heat differences for thallium are in excellent agreement with the directly determined values of Keesom and Kok (1934) (table 2) .
This agreement confirms the validity of the reasoning by which the specific heat differences have been derived from the threshold field curves. This has been previously verified only for the case of tin (Keesom and van Leer 1938) . Table 2 AC 10-4 cal. According to Sommerfeld's theory the specific heat in the normal state, Cn = y T , where
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The y values so obtained are given in table 3, where they are compared with those of Mendelssohn (1937, 1939) . Table 3 Misener 4-5 3-6 3-4
Mercury Indium Thallium
Daunt and Mendelssohn
3-8 3-5 2-8
The agreement for indium is good but the values for mercury and thallium are distinctly higher. The specific heat differences are shown in figure 3 . There is no evidence of the inflexion in the curve for mercury found by Daunt and Mendelssohn (1937) .
The specific heat of the metal in the superconductive state may be ex pressed as C8 = AC + y T .
Curves showing the dependence of Cs on T are given in figure 4 . The " reduced tem perature" T/Tc (Tc -transition temperature) is used for the abscissae. The curves are seen to be of a much simpler form than those previously obtained (Daunt, Horseman and Mendelssohn 1939, Keesom and van Leer 1938) . Also the specific heat is negligible only very close to the absolute zero. By making a logarithmic plot, as in figure 5 , it is seen th at the specific heats of superconducting mercury and thallium follow at law with a high degree of accuracy. W ith indium this condition does not hold, the variation being according to T*. This difference of behaviour may possibly be explained by difference of purity as the indium is the least pure of the metals used. Yet it seems difficult to attribute such a marked change of behaviour to 0*01 % of impurity, which was not sufficient to produce any observable hysteresis in the magnetic transition.
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Discussion
The estimated probable error of the experimental determinations of Hc is 0*3 G. The least square polynomial deduced from these values has, therefore, a probable error of less than 005 G. This assumes that the temperatures are accurately known. Down to 1*5° K the 1937 temperature scale is probably sufficiently accurate for the values of He to be correct to Specific heat of m e r c u r y , indium and thallium 271 0*1G. At lower temperatures a change of the temperature scale would change the threshold field values proportionally. A small systematic varia tion of tem perature below, say, 1*5° K, would make no appreciable change in the coefficients of the polynomials, provided the large number of determina tions above 1*5° K were made with the correct temperature scale or even with a scale subject to small random corrections. Hence a change of 0-01° K in the temperature scale at the lower temperatures would change the values of Hc, and all quantities derived therefrom, by 1 %, which may be taken as an estimate of the accuracy of the results. Kok (1935) has fitted a polynomial to the early Leiden values of the threshold field of mercury. He obtained Hc = 433-0-89*08T2+60-59!Z73-18-608774+l-8774775.
The expression does not show such a satisfactory rapid decrease in the magnitude of the coefficients as the one found by the author, nor does he give any idea of the accuracy of the fit and the temperature range.
I t is interesting to note that, in agreement with previous results Mendelssohn 1937, 1939 ) the total electronic entropies of mercury and indium calculated according to Sommerfeld's formula S 3*26 x 10-5 T are substantially less than the observed entropy differences of the super conducting and normal states. The value for thallium is only slightly less. Table 4 is a comparison at 0*5° K where the formula might be expected to hold. This work was carried out at the Royal Society Mond Laboratory, Cambridge and I wish to thank Dr J. D. Cockcroft both for placing the facilities of the laboratory at my disposal and for his advice and encourage ment during the research. The late Dr E. T. S. Appleyard undertook the tedious duty of checking the computation of the polynomials. I am indebted to the Royal Commission for the Exhibition of 1851 for a scholarship during the tenure of which this work was carried out.
Summary
Threshold field curves for mercury, indium and thallium were accurately determined by a magnetic method down to a temperature of 11° K. By least square methods, polynomials were fitted to these curves and from these the specific heat of the metals in the superconducting state was calculated using the formulae of Gorter and Casimir. The values obtained for thallium agree with the direct determinations of Keesom and Kok. The specific heat of superconducting mercury and thallium varies as th at of indium as T*.
